Purpose At the northern fringe of the Po Plain (northern Italy), several isolated hills exist, corresponding to the top of Late Quaternary anticlines. These hills were thoroughly surveyed for their soils and surficial geology, furnishing detailed archives of the palaeoenvironmental evolution of the area. A new, thick and complex loess-paleosol sequence, resting upon fluvial/fluvioglacial deposits, exposed in a quarry at the top of the Monte Netto hill was studied in detail to elucidate its significance. Materials and methods Highly deformed fluvial and fluvioglacial deposits, probably of Middle Pleistocene age, are exposed in a clay pit at Monte Netto, underneath a 2-to 4-m-thick loess-paleosol sequence. A geopedological, sedimentological and micropedological investigation of the sequence shows a distinctive difference between the B horizons forming the sequence, while luminescence and radiocarbon age determinations and the occurrence of Palaeolithic lithic assemblages elucidate the chronology of the sequence. Results and discussion The pedosedimentary sequence consists of several loess layers showing different degrees of alteration; loess deposition and weathering occurred, according to optically stimulated luminescence (OSL) and AMS-14 C dating as well as archaeological materials, during the Upper Pleistocene. The lower part of the section consists of strongly weathered colluvial sediments overlying fluvial and fluvioglacial sediments. A tentative model of the exposed profiles involves the burial of the anticline, which forms the core of the hill, by loess strata since Marine Isotopic Stage (MIS) 4 and their subsequent weathering (and truncation) during subsequent interstadials. The degree of weathering of buried B horizons increases from the top of the sequence toward the bottom, suggesting a progressive decrease in the intensity of pedogenesis. Finally, the highly rubified paleosol at the top of the hill is regarded as a buried polygenetic soil or a vetusol, developed near the surface since the Middle Pleistocene. Conclusions The palaeopedological, geochronological and geoarchaeological analyses permit to define the phases and steps of development of the Monte Netto pedosedimentary sequence; the lower part of the sequence is dated to the MidPleistocene, whereas loess accumulation occurred between MIS 4 and MIS 2. Moreover, analyses help to clarify the climatic and environmental context of alternating glacial and interstadial phases, during which the sediments where deposited, deformed and weathered.
represent important pedosedimentary archives, which document the responses of continental ecosystems to glacial/ interglacial climate change. In Italy, and in particular in the Po Plain (northern Italy), the loess represents a key sedimentary record for palaeoenvironmental reconstructions (Cremaschi 1987 (Cremaschi , 1990a (Cremaschi , 2004 Cremaschi et al. 2011 ). Many loess complexes have been described along the socalled Po Plain Loess Basin (PPLB; Amit and Zerboni 2013) . These deposits are thinner and of smaller extent than other European loess outcrops, and for that reason, loess in northern Italy has been overlooked to some degree (Amit and Zerboni 2013) in comparison to the classical sequences of central and eastern Europe (Haase et al. 2007 ). Yet, loess in northern Italy was already described at the end of the nineteenth century (e.g. Capeder 1898; Viglino and Capeder 1898) and has been more extensively studied in the last few decades (e.g. Cremaschi 1987 Cremaschi , 1990a Cremaschi , 2004 Orombelli 1990; Terhorst and Ottner 2003) .
The term 'loess' refers to aeolian silty sediment, deposited under cold and arid environmental conditions (Smalley 1966; Cremaschi 1987; Pye 1987 Pye , 1995 Coudé-Gaussen 1990; Pecsi and Richter 1996; Smalley et al. 2001; Smalley and Jary 2005; van Loon 2006) . If we consider northern Italy, the term 'loess' refers to silty sediments, which have been transported by wind; however, deposits are generally thin and affected by syn-and post-depositional weathering and soil formation that may mask their origin (Cremaschi 2004; Amit and Zerboni, 2013) . In the PPLB (Fig. 1) , loess occurs as thin sheets on dissected fluvial/fluvioglacial terraces and hills all along the margin of the Po Plain and on top of polygenetic paleosols developed in a variety of parent materials (Forno 1979; Busacca and Cremaschi 1998; Terhorst and Ottner 2003; Cremaschi 2004; Khün et al. 2006; Rellini et al. 2009; Livio et al. 2009 ). Sometimes, loess in the PPLB underwent colluviation (Cremaschi 1987 (Cremaschi , 2004 Mroczek 2013) . Moreover, the loess is systematically associated with Middle Palaeolithic artefacts, indicating that, in spite of the harsh environmental conditions, at that time the Po Plain was host to an ecosystem suited for human life (Cremaschi 1990a (Cremaschi , 2004 .
A well-preserved loess sequence in the PPLB is the Val Sorda sequence (Cremaschi 1990a; Ferraro 2009) , where a thick cap of glacial sediments prevented intense pedogenesis. The most complex loess sequence, however, was recently discovered in a clay pit at the top of Monte Netto. In this paper, we discuss the palaeoenvironmental significance of the Monte Netto loess sequence and intercalated paleosols, integrating pedosedimentary data, optically stimulated luminescence (OSL) and AMS-14 C dates. Paleosols interlayered in the sequence recorded the alternation between cold and interstadial periods during the Upper Pleistocene. A further peculiarity of this site is the occurrence of tectonic deformation in the form of folded and faulted loess and paleosol horizons (Livio et al. 2009 (Livio et al. , 2012 ; these tectonic deformations are dealt with in more detail in a companion paper. Finally, the palaeoenvironmental significance of this loess/paleosol sequence is discussed in the framework of the loess research at the southern and northern fringe of the Po Plain, reconstructing the episodes of the Upper Pleistocene aeolian activity in the PPLB and the main pedogenetic processes.
Study area
Monte Netto (Capriano del Colle, northern Italy) is an isolated hill (e.g. Desio 1965 ), located along a buried structural front of the central Southern Alps, facing the most external buried fronts of the northern Apennines beneath the Po Plain foredeep (e.g. Castellarin and Vai 1986; Castellarin et al. 2006; Fantoni et al. 2004) . As suggested by Desio (1965) , the emergence of the hill is due to the recent growing of a fold related to a fault system composed of a main south-vergent Fig. 1 Map of the Po Plain Loess Basin (modified from Cremaschi 1987) illustrating the distribution of the main loess deposits in northern Italy; the localities cited in the text are also reported. Key: 1 Pre-Quaternary rocks; 2 Late Pleistocene and Holocene alluvial plain; 3 present-day coastline; 4 present-day 100-m bathymetric line; 5 moraine systems; 6 loess deposits on fluvial and fluvioglacial deposits, moraine ridges and isolated hills; 7 loess on karst plateau; 8 direction of dominant winds during loess sedimentation forethrust and an associated high-angle backthrust (Livio et al. 2009 (Livio et al. , 2012 .
The Monte Netto hill is almost rectangular in shape (5-km long and 2-km wide), trending N110 and standing ca. 30 m above the surrounding alluvial plain, and is deeply eroded on its sides. The alluvial plain corresponds to a vast outwash fan, developed during the Last Glacial Maximum (LGM) by a meltwater channel network (e.g. Baroni and Cremaschi 1986; Marchetti 1996 ) that was subsequently incised by streams. The top of the hill exposes a gently folded sequence of Lower to Middle Pleistocene fluvial sediments (floodplain environment); younger fluvial sediments (Middle to Upper Pleistocene) onlap the hill on both sides (Livio et al. 2009 ). The oldest outcropping sediments are greenish-grey fine sands, with abundant shell remains, tentatively correlated to similar sediments, 0.89 Myr old, drilled in the Ghedi core (Carcano and Piccin 2002; Scardia et al. 2006) , ca. 80 m below the surface and 10 km from the site. At the top, in a clay quarry, a moderately developed loess deposit, overlying a deeply weathered red paleosol, was described by Cremaschi (1987) and attributed to the Upper Pleistocene.
According to the map of pedolandscapes of Lombardia 1:250′000 (ERSAL 2001) , in the area of Monte Netto, soils are mostly classified as Haplic, Chromic, Cutanic Luvisols (WRB 2006) or Typic (with Oxyacquic) Hapludalfs or Typic/ Mollic Paleudalfs (Soil Survey Staff 2010).
Materials and methods
The Monte Netto hill area was intensively surveyed in order to reconstruct the Middle to Upper Pleistocene geomorphological and sedimentological evolution of the area; the most significant and complex pedosedimentary sequence, located in the area of the Danesi clay quarry, was chosen for detailed palaeopedological investigations. A detailed field survey of the quarry area was conducted, which included mapping of the stratigraphic units both in section and in plan view. Also, a trench was dug at the base of the exposed quarry wall. The sequence exposed along a hundred metre long front comprised up to ca. 8 m of terrestrial sediments, whose top (≤4 m) consists of a loess deposit interlayered with paleosols with different degrees of maturity. The palaeopedological investigation included (i) a description of the sequence, (ii) sampling for pedological and heavy mineral analyses, (iii) oriented and undisturbed sampling for micropedological analyses and (iv) sampling for luminescence and radiocarbon dating.
Field descriptions and horizon designations were according to the internationally accepted guidelines proposed by FAO (2006) . The soil horizons were grouped into pedostratigraphic levels (PLs), namely a set of horizons formed from parent materials having the same origin and age (Costantini and Priori 2007) . Generally speaking, paleosols can rarely be classified with accuracy (Nettleton et al. 1998; Krasilnikov and Calderón 2006; Zerboni et al. 2011) according to the international soil classification systems (e.g. FAO-UNESCO 1971; FAO 1998; Soil Survey Staff 1999 WRB 2006) , and specific pedologic parameters should be considered in classification (James et al. 1998; Nettleton et al. 2000; Krasilnikov and Calderón 2006) . In fact, paleosol classification requires the identification of those key attributes in modern soils that have preservation potential following burial, diagenesis and erosion events. Nevertheless, most of the key soil attributes in modern soils have a low potential of being preserved without major modification or even destruction (James et al. 1998; Zerboni et al. 2011) . Notwithstanding that, we tried to find analogies between the described B horizons of the paleosols and modern soils categories as defined in the international classification systems (WRB 2006; Soil Survey Staff 2010) .
Samples for laboratory analyses (bulk samples and blocks) were collected from the most representative B horizons of each pedostratigraphic level (PL1 to PL5). Additionally, an undisturbed block was extracted from the dark red buried paleosol at the top of the anticline of the Monte Netto hill for micropedological investigation; this paleosol is defined as PL0, even if it does not match the definition of pedostratigraphic level sensu Costantini and Priori (2007) , but should be regarded as a buried polygenetic soil. The comparison between micromorphological features seen in PL0 and those in the B horizons of the main sequence helped in understanding the evolution of the pedosedimentary sequence.
Soil samples were air dried and the particle size distribution was analysed by sieving the fraction >63 μm, while the proportion of fine fraction (<63 μm) was determined by the aerometer method (Gale and Hoare 1991) . Heavy minerals were separated from the fine sand fraction (63-125 μm) using a sodium metatungstate solution (density 2.9 g/cm 3 ) after removal of iron coatings through treatment with oxalic acid and carbonate coatings with hydrochloric acid (18 %) (Gale and Hoare 1991) . The separated heavy minerals were mounted on slides using Canada balsam (refractive index n=1.55), and a minimum of 250 grains were identified and counted using a polarising microscope (Parfenoff et al. 1970; Mange and Maurer 1992) .
Thin sections (5×9 cm) were made after consolidation according to standard methods (Murphy 1986). For micromorphological study of thin sections, a petrographic microscope was employed (Leica Laborlux 12pol) with an Olympus C4040 digital camera. Thin sections were examined under plane-polarized light (PPL), cross-polarized light (XPL) and oblique incident light (OIL). The terminology of Bullock et al. (1985) and Stoops (2003) was used for thin section description, and some concepts of Brewer (1964) were taken into account. The concepts discussed by Stoops et al. (2010) greatly aided the interpretation of most of the pedofeatures.
Age control on the sequence was obtained by radiocarbon (AMS-14 C) and OSL dating. Six samples (three OSL and thee 14 C) were dated. The retrieval of a comprehensive lithic assemblage belonging to a Middle Palaeolithic cultural horizon also helped in the chronological assessment of the phase of loess deposition and soil formation.
Samples for OSL analysis were prepared in the laboratory at Innsbruck. Approximately, 20 g of each sample was used for water content measurements and dosimetric analyses. The remainder was prepared for OSL analysis following the standard techniques proposed by Wintle (1997) : initial pretreatment with 10 % HCl, followed by 20 volumes of H 2 O 2 (6 % solution) to remove carbonates and organic matter prior to dry sieving; after that, 1 mg of the 4-11-m size fraction was obtained by settling following Stokes' law for analysis. The cosmic dose rate was estimated for each sample using the depth of overburden and the geomagnetic latitude (Prescott and Hutton 1994) , assuming that the overlying sediment accumulated rapidly following deposition, making a correction for changing overburden thickness unnecessary. Sampling location at 10.1°N and 45.5°E and an elevation of 118 m a.s.l. were used as standard. The water content for each sample was measured in the laboratory and calculated as the mass of water divided by the mass of dry sediment, multiplied by 100; the containers that the samples were collected in were airtight, and thus the water content measured in the laboratory was close to the field value. The dose rate was calculated on the basis of the measured water content value with an error of ±5 %. The luminescence analysis was undertaken using the double single-aliquot regenerative-dose (SAR) protocol with a preheat of 220°C for 10 s and a cut heat of 160°C (Banerjee et al. 2001; Roberts and Wintle 2001) . The De values were obtained from the blue LED-stimulated measurements (based on the quartz component of the polymineral fine-grain mixture). The De was measured for 24 aliquots of samples 8/CC01-03. From the De dataset of 24 values for each sample, the burial dose was calculated using the Central Age Model (Galbraith et al. 1999 ). The dose rates were calculated using the conversion factors of Adamiec and Aitken (1998) using the programme ADELE (Kulig, 2005) and using an alpha effectiveness value for quartz of 0.03±0.01 (Mauz et al. 2006) .
Finally, sediment samples were collected for AMS-14 C dating in order to obtain radiometric age constraints for the upper part of the pedosedimentary sequence. The analyses were performed at the CEDAD Laboratory (Lecce, Italy) on the total organic fraction after removing contaminants by acid-base-acid treatment. The dates were calibrated (2σ range) using Calib 7.0 software (Stuiver et al. 2013 ) and INTCAL13 ).
Results

Field characterization
The pedosedimentary sequence exposed at Monte Netto is complex (Fig. 2) and along the quarry front the thickness of Fig. 2 Exposures at Monte Netto. a The central part of the section, which includes loess, paleosols and fluvio/fluvioglacial sediments forms an anticline (anticline crest is on the right); the arrow indicates the thickest sequence. b Main profile investigated in this study, located at the southern fringe of the quarry, and drawn in Fig. 3 . c General view of the quarry; note the red paleosol at the top of the anticline (PL0). d Brittle, secondary, fold-related faulting, dislocating loess strata and paleosols in the central part of the anticline (Livio et al. 2009) each pedostratigraphic level and soil horizon differs greatly. The topographic relief, resulting from progressive growth of an anticline, acted as a barrier and allowed the formation of a syngrowth accommodation space for deposition of thick strata of loess that display a typical fill-to-the-top sedimentary architecture, characterized by pinching-out strata onlapping on onefold flank (Livio et al. 2009 (Livio et al. , 2012 . The bedrock of the hill consists of a complex sequence of fluvial and fluvioglacial sediments that vary in texture and sedimentary facies and were deposited, folded and uplifted in the Pleistocene into the present anticline. At the core of this anticline, fluvial and fluvioglacial sediments occupy most of the exposure; in this sediments, a dark red paleosol occurs, buried beneath a thin loess cover. Meanwhile, the southern part of the quarry front displays a sequence of loess and paleosols up to 4 m thick covering a dark red paleosol developed in both colluvial sediments and fluvial to fluvioglacial deposits. Moreover, the central part of the exposure was deformed and displaced by several seismic events dated to the Upper Pleistocene (Livio et al. 2012 ) that caused the formation of a system of normal faults (e.g. a gravity graben depression; Fig. 2 ), displacing preexisting pedostratigraphic levels (Livio et al. 2009 ).
As shown in Fig. 2 , the thickness of the loess/paleosols sequence is greater in the southern part of the quarry front and a profile was sampled there (Fig. 3) . From a pedological point of view, the section can be divided into several B horizons, which developed in different parent materials and were affected by specific pedogenetic processes (field descriptions are in Table 1 ). Five pedostratigraphic levels are distinguished on the basis of the properties of their parent material; the horizons of each PL show an intense illuviation of clay and an increase of Fe-Mn-bearing pedofeatures toward the bottom, where a horizon rich in Fe-Mn nodules is present. From the top of the sequence, PL1 consists, below the Ap horizon, of silt loamy Bt(x), Bt and Btc horizons with a platy to massive structure, very compact and light coloured; PL1 ends with a Bc horizon. The Bt(x) horizon can be interpreted as a sort of fragipan horizon (Assallay et al. 1998; Soil Survey Staff 2010) . A further thin sequence of B horizons (2Bt and 2Bc) follows, displaying a higher degree of clay illuviation and a darker colour; this sequence corresponds to pedostratigraphic level PL2. Pedostratigraphic level PL3 also consists of a sequence of silty clay loam to silty clay B horizons, dark brown to yellowish red in colour and displaying a downward increase in pedofeatures related to clay illuviation (3Bt1, 3Bt2, 3Bt3) . A further 3CBt horizon shows evidence of clay illuviation, but its texture is more silty. Fe-Mn coatings and nodules also increase with depth, reaching a maximum in the 3Cc horizon. The horizons 4Bt and 4Bc are developed in a slightly coarser parent material but exhibit a high degree of clay mobilization and accumulation of Fe-Mn oxi-hydroxides; these horizons constitute the pedostratigraphic level PL4. Finally, the lowermost part of the sequence (pedostratigraphic level PL5) is represented by fluvial/fluvioglacial sediments, which are slightly weathered at their top.
Dating the sequence
OSL and radiocarbon dating results suggest that the upper pedostratigraphic levels of the exposure developed in loess from the Upper Pleistocene to the Holocene (Tables 2, 3 and  4) . OSL samples collected from the lower part of the loessial PL1 level yielded an age between 19.9 and 24.6 ka, while a sample collected within the loess/paleosol PL2 yielded an age Silty clay loam; brown (7.5YR 4/4) to strong brown (7.5YR 5/6); common coarse mottles, brownish yellow (10YR 6/8) to olive yellow (2.5Y 6/8); angular blocky structure; firm; few small pores; common clay coatings; gradual lower boundary PL3 Loess 3Bt2 280-310 Silty clay loam; brown (7.5YR 4/4) to strong brown (7.5YR 5/6); common coarse mottles brownish yellow (10YR 6/8) to olive yellow (2.5Y 6/8); angular blocky structure; firm; few small pores; very common clay coatings; gradual lower boundary PL3 Loess 3Bt3 310-340 Silty clay; brown (7.5YR 4/4); common coarse mottles brownish yellow (10YR 6/8) to olive yellow (2.5Y 6/8); angular blocky structure; firm; very few small pores; very common clay coatings; gradual lower boundary PL3 Loess 3CBt 340-380 Silt loam; brown (7.5YR 4/4) to strong brown (7.5YR 5/6); common mottles black (5YR 2.5/1) to dark reddish brown (5YR 2.5/2); angular blocky structure; firm Fe-Mn coatings; few Fe-Mn nodules; few small pores; gradual lower boundary Radiocarbon dating was performed on the organic fraction of three samples, collected at the top of the pedosedimentary sequence (PL1), at depths ranging from c. 0.4 to 1 m. The deepest sample (CAP03) was dated at 13,313±75 BP (16.2-15.8 cal ka BP), while the upper samples were dated at 6,485± 50 and 4,635±45 BP (7.5-7.3 and 5.6-5.1 cal ka BP). Lithic artefacts recovered within the loess strata helped in the chronological assessment of loess deposition (Fig. 3) . Some Palaeolithic flakes (raw materials: quartzite and flint) were found in the deepest red soil, within the 4Bt horizon of PL4. They do not present a clear Levallois technology and, on the basis of their similarity to other lithic assemblages described in residual red soils found at the top of the Monte Netto hill (Zorzi 1959; Cremaschi 1974) , are attributed to a Lower/Middle Palaeolithic cultural horizon. The in situ recovery of these artefacts is confirmed by the absence of signs of post-sedimentary transport and by the occurrence of a thick red patina (coating of clay). Within the loess/paleosol complex of PL2, we found an assemblage of Middle Palaeolithic artefacts (raw material: flint), which, on the basis of a preliminary analysis, are attributed to the Mousterian phase. This attribution fits well with the available OSL dating and suggests a synchronicity between loess deposition in the PPLB and the Mousterian frequentation of the Po Plain (by hunter groups), as suggested by previous authors (Cremaschi and Christopher 1984; Cremaschi 1987; Peresani et al. 2008; Cremaschi et al. 2011, in press) . Mousterian artefacts at Monte Netto have sharp edges, indicating that they did not undergo any postdepositional transport, and often they display glossy surfaces, due to aeolian abrasion by quartz grains, typical of lithics recovered within loess (Cremaschi and Christopher 1984) . Therefore, they are considered as in situ.
Grain size analysis
Grain size analyses (Fig. 4) were carried out on the Monte Netto pedosedimentary sequence to characterize the fine earth (<2 mm) fraction, while the horizons strongly cemented by pisolithic concretions were not analysed.
From the top to the base of the sequence, the cumulative grain size distribution curves of the pedostratigraphic level PL1 show characteristic sigmoidal patterns. Curves are unimodal and well-sorted, with a strong positive skewness and the sand and silt values are about 80 %. In the pedostratigraphic level PL2, the sampled horizons also show well-sorted asymmetric (positive skewness) sigmoidal curves but with sand and silt values of about 70 %. The third pedostratigraphic level PL3 still shows well-sorted asymmetric (positive skewness) sigmoidal curves, but different sand and silt values, ranging from about 55 % (3Bt3 horizon) to about 75 % (3CBt horizon), apparently depending on the extent of illuviation. The PL4 and PL5 pedostratigraphic levels show completely different grain size distributions and poor to very poor sorting (the cumulative curve for the 5C horizon is almost straight) with some differences in the sand and silt values, ranging from about 65 to about 80 %.
Heavy minerals
Trends in the abundance of amphiboles and epidote allow us to subdivide the sequence into three main parts: the amount of amphiboles decreases sharply from the lower horizon of PL1, while epidote levels remain quite constant and decrease only in pedostratigraphic levels PL4 and PL5 (Table 5 ). The upper subdivision is even more evident (Table 6 ) when the heavy minerals are grouped according to three of the ten indicators defined by Garzanti and Andò (2007a, b) : the minerals a The total effective dose rate from the environment to quartz grains 4-11 μm in diameter was calculated taking into account the alpha efficiency factor (Fig. 5) , it is possible to identify the differences in composition along the whole pedosedimentary sequence: the horizons of the pedostratigraphic level PL1 are placed close to the amphiboles/epidote side, while samples of PL2 and PL3 are dispersed close to the epidote/zircon + tourmaline side not far from the epidote corner. Samples of the pedostratigraphic levels PL4 and PL5 are still distributed close to the epidote/ zircon + tourmaline side but not far from the zircon + tourmaline corner.
The distribution of heavy minerals is controlled by the characteristics of the parent material and the degree of weathering (Cremaschi, 1987) . Considering our results, we postulate a main discontinuity between the composition of the parent material of the lower pedocomplexes developed in fluvial and fluvioglacial sediments (PL4 and PL5) and the heavy mineral assemblage of the PL1 to 3. The origin of PL4 and PL5 is related to the occurrence of meltwater rivers from the central sector of the Italian Alps, while PL1 to 3 are related to loess deflated from the Po Plain, which was a deflation basin fed by rivers from the entire Alpine domain (Cremaschi, Stuiver et al. 2013) , using the INTCAL13 calibration curve Ferraro, 2009) . A useful approach to describe the heavy mineral distribution and to evaluate the rate of weathering is to calculate the weathering indexes proposed by Brewer (1964) , defined as zircon + tourmaline vs. pyroxenes + amphiboles, and by Cremaschi (1978) , defined as zircon + tourmaline + titanium oxides vs. pyroxenes + amphiboles + epidotes. It should be stressed that the mineralogical heterogeneity of the parent material presented above does not allow a true quantitative comparison of the calculated indexes between horizons developed in different pedostratigraphic levels. For that reason, taking into account the main mineralogical discontinuities, the relationship between the degree of weathering and the heavy mineral assemblages can be summarized as follows:
& In the horizons pertaining to pedostratigraphic level PL1, both indexes show values close to 0; this means that mineralogical evidence of weathering is virtually absent. & In the PL2 and PL3, whose heavy mineral compositions are very similar, both indexes (but mainly Brewer's) testify the presence of different degrees of weathering between the described horizons and indicate that the maximum intensity of weathering occurred in the 3Bt2 horizon. & The heavy mineral compositions of PL4 and PL5 are very similar, but a mineralogical indicator for weathering is evident in the uppermost parts of each pedostratigraphic level (the 4Bt and 5Bt horizons); these horizons show the highest values of both indexes compared to the other horizons of the pedostratigraphic sequence.
Thin-section micromorphology
All thin sections show a porphyric c/f-related distribution (ranging from close to double-spaced) and a microstructure from massive ( Fig. 6a and Table 7 ) to subangular blocky ( Fig. 6b) , depending on the frequency of planes. Moreover, the micromass generally shows rare to few depleted areas identified by colour, limpidity and b-fabric (Fig. 6b) . The frequency of depletion areas together with the presence and nature of amorphous pedofeatures (sensu Bullock et al. 1985) is higher in samples from the pisolithic horizons (i.e. Btc, 2Bc and 4Bc): recurrent coarse iron and manganese nodules (Fig. 6c) , showing both sharp and diffuse boundaries, together with the presence of iron and manganese hypocoatings ( Fig. 6d ) and small nodules, are the micromorphological markers of those horizons. Textural pedofeatures (sensu Bullock et al. 1985) increase the level of complexity of the described pedosedimentary sequence. From the top to the base: & The pedostratigraphic level PL1 is characterized, in its upper part, by the presence of yellowish brown dusty clay coatings, sometimes laminated (Fig. 7a) , while in the deeper part, it is characterized by the presence of orange, thin, limpid clay coatings and infillings (Fig. 7b) , whose thickness increases with depth. & In the pedostratigraphic level PL2, the most recurring textural pedofeatures are yellow clay coatings, limpid when thin (Fig. 7c) and layered when thick. & The pedostratigraphic level PL3 displays three distinct textural pedofeatures, i.e. yellow-layered clay coatings, pale yellow clay intercalations (Fig. 7d) and rare fragments of red clay coatings (Fig. 7e) . & The pedostratigraphic level PL4 has only yellow clay coatings, thick and layered (Fig. 7f) , sometimes thin.
To summarize, it is possible to state that the yellow-layered clay coatings are the most recurring textural pedofeatures in the deeper part of the pedosedimentary sequence, accompanied by various other textural pedofeatures in the different described layers (in particular, the red clay coatings), while the orange limpid clay coatings and the yellowish brown dusty clay coating are present only in the upper unit and in the surface horizon, respectively. Finally, the deeply weathered paleosol of PL0, sampled at the top of the anticline, shows the contemporary presence of the four main generations of textural pedofeatures, namely yellowish brown coarse infillings, orange thick limpid clay coatings, yellow clay coatings layered when thick and red fragments of clay coatings, underscoring its origin as a polygenetic soil (Bos and Sevink 1975) or vetusol (Cremaschi 1987) .
Discussion
Origin of parent material and soil-forming processes
Taking into account the cumulative grain size distribution curves for each of the identified PLs (Fig. 4) and heavy minerals assemblags (Fig. 8) , some key differences can be noticed, which allow us to separate them into three main groups. All of these groups of curves have been compared to the reference theoretical cumulative grain size distribution curves (Fig. 9 ), which were elaborated for fresh loess and weathered loess from the PPLB (Cremaschi 1987) in order to evaluate their degree of weathering. Curves from the upper pedostratigraphic levels (PL1, PL2, PL3) show sigmoid trends and asymmetric grain size distributions with a low sand content (below 10 %) and a clay fraction varying between 45 and 20 %. These curves fit well with the curves of Po Plain loess by Cremaschi (1987) : they fall in the range between the fresh and weathered loess, with a slight predominance of the latter. Moreover, going from PL1 to PL3, the cumulative curves highlight a clear shift towards the theoretical curve representative for weathered loess. As a consequence, we conclude that the degree of weathering decreases from PL3 to PL1. Samples from the subsequent level PL4 also gave grain size distribution curves with a moderate clay content, but here the coarse fraction is well represented (above 20 % sand). Therefore, the parent material of PL4 was not loess, and we interpreted it as a colluvium of older sediments (see below for a more detailed explanation of its origin). Finally, PL5 consists of sediment with a high sand content (up to 40 %). It corresponds to the upper part of the fluvial to fluvioglacial substrate of the hill. These main differences in the parent material are confirmed by the heavy mineral assemblage (Fig. 8) . In fact, we can identify the same origin for the parent material of units PL4 and PL5, which fits well with the heavy mineral assemblage of fluvioglacial deposits of the Po Plain (Muttoni et al. 2003; Scardia et al. 2006 ). On the contrary, heavy minerals from PL1, PL2 and PL3 are rather different and comparable to those of loess deposits from northern Italy (Cremaschi 1987 (Cremaschi , 2004 Ferraro, 2009 ).
Field observations, laboratory analyses and micromorphological descriptions indicate that a number of soil-forming processes affected the parent material: pedoplasmation, rubification, clay translocation and hydromorphism are the main processes observed in the Monte Netto pedosedimentary sequence. These pedogenetic features are present in all the described pedostratigraphic levels, albeit to a different degree. Moreover, also inside each individual pedostratigraphic level, B horizons show a variable intensity of the pedogenetic processes. Each pedostratigraphic level corresponds to the deposition of a new parent material during a rhexistasy period (Erhart 1951) in which the protective vegetation cover was reduced or eliminated and erosion and accumulation phenomena took place. The rhexistasy periods are separated by biostasy phases (Erhart 1951) , when climatic conditions were favourable for the development of vegetation protecting the soil from erosion and in which pedogenesis can play a major role, inducing the weathering of the earlier deposited parent material and intensifying illuviation phenomena. At Monte Netto, the biostasy periods promoted a moderate fersiallitic pedogenesis (Duchaufour 1983 ), characterized by pedoplasmation, which meant a decrease in silt content and an increase in clay content (Stoops et al. 2010) , rubification (i.e. release of iron oxides leading to a redder colour), clay translocation (sensu Cremaschi 1987) and hydromorphy (Duchaufour 1983) . The latter process was most likely triggered by water-logging induced by the occurrence of the impervious B horizons enriched in clay at the top of each pedostratigraphic level.
In the following section, the properties of the analysed horizons are compared in order to establish which pedogenetic processes acted on each parent material and to evaluate the intensity of pedogenesis.
& The pedostratigraphic level PL1 is only moderately weathered: the yellowish colour of the B horizons described in the field (10YR), their very homogeneous grain size distribution, which is comparable to moderately weathered loess of the Po Plain, and the heavy mineral assemblage dominated by weatherable minerals (e.g. amphiboles and epidote) suggest incipient pedogenesis. Moreover, micromorphological properties of PL1 suggest that the horizon was strongly affected by coarse clay illuviation, probably induced by recent tillage on the topsoil (agricutans, Brewer 1964; Jongerius 1983) , while the presence of a pure to dusty, orange clay illuviation phase seems to indicate a previous phase of degradation with a discontinuous vegetation cover, as suggested by previous studies on paleosols developed in loess from France and Italy (Fedoroff and Goldberg 1982; Cremaschi 1987; Cremaschi et al. 1990 ). Finally, the amorphous pedofeatures attest to the development of hydromorphic processes with depth.
& The pedostratigraphic level PL2 is only 60 cm thick, probably due to an erosional phase preceding the deposition of the overlying PL1 parent material. However, it appears more weathered than the overlying PL1, as is attested by the reddening of the micromass in thin section and the grain size distribution cumulative curves, which agree with those of weathered loess of the PPLB (Cremaschi 1987) . As a general issue, the heavy mineral assemblage of PL2 may account for a slightly different mineralogy of the parent material with respect to the overlying PL1. Finally, yellow, limpid clay coatings and infillings observed in thin section also indicate a welldeveloped illuviation phase under a stable vegetation cover (Kühn et al. 2010) , while amorphous pedofeatures testify, also in this level, to the development of hydromorphic processes with depth. & The pedostratigraphic level PL3 reaches, in its top horizons, a greater level of weathering, as shown by the reddening of the micromass in thin section and by the grain size distribution cumulative curves, which are comparable to weathered (3Bt1 and 3Bt2 horizons) to strongly weathered (3Bt3 horizon) loess of the Po Plain. Further, the heavy mineral assemblages of PL3 and of the overlying PL2 are very similar. In this case, it is possible to compare the absolute values of the weathering indexes of both levels and to state that PL3 is clearly more weathered than PL2. Clay illuviation is also more developed than in the overlying pedostratigraphic levels, accounting for at least two distinct illuviation phases: an older phase attested by red fragments of clay coatings (i.e. papulas; Brewer 1964) without evident deformation (indicative of bioturbation; Stoops 1999) and a more recent illuviation, Rare diffuse gravel-sized nodules Fig. 7 Photomicrographs of thin sections illustrating pedofeatures related to clay redistribution. a Yellowish brown dusty clay coatings from the Bt(x) horizon (PPL); b limpid clay infilling in the Btc horizon (PPL); c yellow clay coatings in the 2Bt horizon (PPL); d pale yellow clay intercalations in the 3Bt3 horizon (PPL); e a fragment of red clay coating (papula) in the 3Bt3 horizon (PPL); f yellow-layered clay coatings from the 4Bt/4Bc transition (PPL) Fig. 8 Heavy mineral weathering indexes (Brewer 1964; Cremaschi 1978) of the pedosedimentary sequence of Monte Netto attested by yellow, layered clay coatings, which could indicate the increasing depth of Bt horizons (Chartres 1987) and that the illuviation process was either active over several events and/or had variable intensity (Kühn 2003; Kühn et al. 2010 ). Other textural pedofeatures, namely clay intercalations, are related to groundwater movements (hydromorphic phenomena) affecting the horizon, as discussed by Fedoroff et al. (2010) . On the other hand, the weathering rate is clearly less intense in the 3CBt and 3Cc horizons, which show grain size distribution cumulative curves comparable to those of PL1, namely moderately weathered loess of the PPLB. & The pedostratigraphic level PL4 has a different sedimentary history. Its grain size cumulative curves suggest a colluvial deposit. Moreover, the heavy mineral assemblage of this level is indicative of a change in the source of the parent material, mineralogically similar to the underlying PL5. However, from a pedological point of view, PL4 still shows a higher degree of weathering for the 4Bt horizon compared to the 4Bc, mainly due to the field characteristics and the heavy mineral weathering indexes. With regard to micromorphology, the thin sections sampled at the boundary between the two described horizons show the same yellow-layered clay coatings as described in PL3 and the amorphous pedofeatures testifying the development of hydromorphic processes with depth. & The pedostratigraphic level PL5 is developed on a parent material deriving from fluvial to fluvioglacial sediments, and it is, from a mineralogical point of view, rather similar to the parent material of the overlying PL4 level. Also in this case, the top horizons are more weathered than the deeper ones, reaching the highest weathering in the 5Bt horizon as attested by the heavy mineral weathering indexes.
According to their pedogenetic characteristics and the degree of development of the B horizons constituting the PLs of the Monte Netto pedosedimentary sequence, the soils can be tentatively classified as Luvisols (WRB 2006) or Alfisols (Soil Survey Staff 2010), where diagnostic properties are related to clay differentiation (migration) between the topsoil and the subsoil. Further levels of classification are merely speculative: in fact, with respect to reddening, some of the soils can be defined as Chromic Luvisols (WRB 2006) and Xeralfs (Soil Survey Staff 2010) . On the other hand, the hydromorphic features also suggest Gleyic Luvisols (WRB 2006) and Aqualfs (Soil Survey Staff 2010). Finally, being buried paleosols, for their classification, the prefixes Thapto-(WRB 2006) and Pale-(Soil Survey Staff 2010) should be used.
Our results regarding the soil-forming processes that shaped the B horizons at Monte Netto can be compared with those obtained by Terhorst and Ottner (2003) and Khün et al. (2006) who studied the polycyclic Luvisols developed in loess at the top of the fluvial terraces of Oleggio and Mezzomerico (northwestern Italy). In fact, at these localities in old loess sediments, possibly dating to the Lower and/or Middle Pleistocene (Bini and Zuccoli 2004) , a very articulated sequence of Bt horizons was formed, representing different stages of soil formation. On the basis of palaeopedological Fig. 9 Selected cumulative grain size curves for the pedostratigraphic levels at Monte Netto compared to variability of grain size distribution in loess deposits in the PPLB according to Cremaschi (1987 Cremaschi ( , 2004 . The shadow indicates the field of variability of particle size distribution, the black solid curve indicates the fresh loess, the dashed black curve shows weathered loess. PL3' and PL5' indicate the less weathered parts of the levels indicators, micromorphology and clay mineralogy, Terhorst and Ottner (2003) and Khün et al. (2006) suggested that several pedogenetic phases occurred under interglacial climatic conditions that promoted the neoformation of clays and their strong illuviation along the soil profiles, which actually consist of a series of superimposed Bt horizons. The affinity between the main pedogenetic processes described above and those identified at Monte Netto is evident; even though in our case study loess deposits are considerably younger, the regularity of soil formation on similar parent material and in similar relief position (according to the concepts dealing with the genesis of soils introduced by Dokuchaev (1883) and formalized by Jenny (1941) ; see also Sprafke et al. (2013) ) is confirmed. Soil formation mainly comprised clay illuviation and the formation of a sequence of Bt horizons. The main difference between the pedogenetic processes described from the Oleggio and Mezzomerico terraces and those identified at Monte Netto consists in the occurrence in our case study of a surficial water table, whose fluctuation promoted the formation of hydromorphic features after the illuviation of clay in the Bt horizons.
5.2 Evolution of the sequence: sedimentation, weathering, tectonic deformation and human frequentation OSL dating was performed on the quartz grains, present in the 4-11-μm fraction of poorly to moderately weathered silty sediments and indicates that the loess deposition (sedimentation of parent material of PL1 and PL2) was active for at least 25 ka during Marine Isotopic Stages 3 and 2 (MIS 3 and MIS 2). Unfortunately, samples collected for the lowermost loess body (PL3), which are moderately to intensely weathered, gave inconclusive results. In any case, the existence of level PL3, which also developed in a loess deposit, suggests that the environmental conditions suitable for loess accretion started well before 45 ka and possibly date back to the beginning of MIS 4. This hypothesis is supported by the comparison with other radiometrically dated loess deposits along the PPLB (see below).
The interpretation of radiocarbon results requires more attention. In fact, sample CAP03 was collected from a weakly developed soil on loess, but its depth rules out contamination by younger organic matter. CAP03 possibly represents the age of a soil developed under glacial conditions in a tundra steppe environment with accumulation of organics and microcharcoals and later isolated from the surface. It is comparable to the cumulic soil (Soil Survey Staff 1999) described at the top of the Val Sorda loess sequence Ferraro 2009) , not far from Monte Netto; at this site, radiocarbon dating of the cumulic soil was regarded as reliable representing a mean value for the time of soil development . We therefore tend to refer the lowermost 14 C age of 16.2-15.8 cal ka BP to a period of reduced wind strength (Ferraro 2009 ), marked by a low rate of loess sedimentation and continuous accumulation of organic matter. In any case, CAP03 radiocarbon result confirms aeolian sedimentation and loess accretion at Monte Netto also after the end of the LGM, probably during the stadial preceding the Bølling-Allerød interstadial (Orombelli and Ravazzi 1996) . Meanwhile, samples CAP01 and CAP02 yielded Holocene ages for the upper part of the sequence (7.5-7.3 and 5.6-5.1 cal ka BP). Holocene aeolian deposits (mainly dust) have been occasionally reported form central and southern Italy (e.g. Frezzotti and Giraudi 1990; Costantini et al. 2009 ), but if we take into account the northern Italy, loess accretion can be considered as a process limited to the Pleistocene (Cremaschi 1987 (Cremaschi , 1990a (Cremaschi , b, 2004 Cremaschi et al. 2014; Amit and Zerboni 2013) . Moreover, a number of palaeohydrological records from northern Italy suggest that in the Early and Middle Holocene, this area was dominated by humid environmental conditions (e.g. Baroni et al. 2006; Zanchetta et al. 2007; Zhornyak et al. 2011) , and pollen spectra indicate the persistence of a continuous vegetal cover in the Po Plain (e.g. Wick 1996; Amorosi et al. 2004; Pini 2004; Valsecchi et al. 2006; Kaltenrieder et al. 2010; Ravazzi et al. 2012 Ravazzi et al. , 2013 . Further, few arid spells have been identified in local paleoclimatic records (e.g. Sadori and Narcisi 2001; Allen et al. 2002; Cremaschi et al. 2006; Giraudi et al. 2011; Peyron et al. 2011; Mercuri et al. 2011 Mercuri et al. , 2012 Dinelli et al. 2012; Joannin et al. 2014) ; their intensity triggered limited changes to the vegetation cover of the Po Plain (Mercuri et al. 2011 (Mercuri et al. , 2012 , which in the Holocene did not reach the environmental conditions of arid steppe allowing (as happened in the Upper Pleistocene) the transportation and sedimentation of silt by wind. Therefore, in the case of samples CAP01 and CAP02, the attribution of radiocarbon dating results to loess formation is not possible: samples were collected in a part of the topsoil close to the limit of present-day ploughing, and dating results may indicate an Early to Mid-Holocene pedogenesis under a warm climate allowing for the accumulation of organic matter, rather than a phase of aeolian sedimentation. Moreover, if we took into consideration a well-known loess site at the southern margin of the PPLB (the Ghiardo site: Cremaschi and Christopher 1984; Cremaschi 1987) , we may advance a further hypothesis to explain the Holocene age of samples CAP01 and CAP02. In fact, at Ghiardo in the Holocene, thanks to the occurrence of a continuous vegetal cover, the upper strata of Pleistocene loess underwent a strong reworking, which allowed the accumulation of young organics in the topsoil (Cremaschi 1987; Cremaschi et al. 2014) ; possibly the same processes described for the Ghiardo site may have occurred also at the top of the Monte Netto hill, confirming that Holocene radiocarbon ages should be attributed to a pedogenesis under a warm climate.
If we integrate OSL and radiocarbon age results with archaeological finds and compare these data to other pedosequences in the area (Cremaschi 1987) and data concerning the Pleistocene evolution of the northern sector of the Po Plain, we can draw a picture of Upper Pleistocene environmental changes in the area. OSL results suggest that loess deposition (i.e. glacial conditions) was active c. 45 ka BP, but dust sedimentation started earlier already. This is confirmed by the occurrence of a thick in situ loess unit (PL3) underlying the dated levels. If we take into account other radiometric datings for loess available in the PPLB (e.g. Cremaschi 1987 Cremaschi , 1990a Cremaschi , b, 2004 Cremaschi et al. 2011) , we can postulate that loess sedimentation presumably started at the onset of glacial conditions, soon after the beginning of MIS 4. It is possible that the rate of dust sedimentation increased during MIS 4 and MIS 3. As observed elsewhere , the persistence of glacial conditions permitted the increase of aridity in the area and the strengthening of the wind responsible for deflation and dust transportation. The lowermost radiocarbon dating, which falls beyond the end of the LGM, indicates a later phase of loess sedimentation at Monte Netto almost contemporaneous with dust sedimentation recorded in other loess sequences along the northern margin of the PPLB, such as at Val Sorda, in the valleys of Trentino, in the upper Apennines, and at Susak island, along the Dalmatian coast (Cremaschi and Lanzinger 1984; Ferraro 2009; Wacha et al. 2011; Negrino et al. 2014) .
During phases of reduced sedimentation, and possibly due to a decreased wind intensity during interstadials, the effects of pedogenesis may have been more intense, as confirmed by the occurrence of thin soils in the pedosedimentary sequence at Monte Netto. These periods were possibly longer during the initial phases of loess sedimentation, as the thickness and reddening of soils decrease from PL3 to PL1. On the contrary, the deeply rubified paleosol at the base of the sequence (PL4), formed in colluvium of fluvioglacial deposits, shows a strong degree of alteration, which is possible only under interglacial conditions. Also the argillic B horizon developed at the top of PL5 represents a truncated paleosol, whose formation requires warm and humid conditions. Moreover, the retrieval of a Lower/Middle Palaeolithic lithic assemblage from the soil at the top of PL4 offers a post quem limit for its formation. The chronological definition of this pedogenetic phase in a tectonically active site is difficult, also considering that each interglacial may have produced similar results in terms of weathering (Sprafke et al. 2013) . We tentatively propose an attribution of these paleosols to the penultimate and/or last interglacials. In this sense, the soil at the top of PL4 would represent an analogue to other Eemian paleosols found in northern Italy (e.g. Cremaschi 1987; Ferraro 2009 ). To summarize, the lowermost soils developed on fluvial/fluvioglacial and colluvial sediments (PL5 and PL4) and likely formed during MIS 7 and MIS 5 interglacials. Dust accumulation commenced when climate reached glacial conditions and the Po Plain was an arid steppe during the MIS 4. Finally, a long polycyclic cold phase, interrupted by brief interstadials, permitted the formation of the remaining part of the succession (PL3, PL2, PL1).
A complete understanding of the evolution of the pedosequence requires also to take into account the seismotectonic history of the study area. As discussed by Livio et al. (2009 Livio et al. ( , 2012 , the origin of the anticline at the core of the section was triggered by a buried backthrust. The shallower expression of this blind fault is a complex array of fault-related folds, which deformed the overlying fluvial to fluvioglacial sediments. This process, possibly occurring during the Middle Pleistocene, led to the uplift of the parent material of PL5, its weathering under warm interglacial conditions (MIS 7?) and its subsequent truncation (MIS 6?). The continuous growth of the structural crest of the anticline led to the asymmetric development of the sequence; the emergence of a morphological relief allowed the onset of erosional processes and the deposition of a thick colluvial unit (PL4) at the base of the anticline (MIS 6?). PL4 also underwent strong pedogenesis under interglacial conditions (MIS 5?) and was then buried by loess deposited under glacial conditions (possibly MIS 4 and definitely during MIS 3 and MIS 2). Dust sedimentation was promoted by long-lasting cold-arid conditions, but the formation of the exceptional thick deposit (compared to other occurrences at the margins of the Po Plain, generally limited to a few tens of centimetres up to 1 m; for more details, see Cremaschi, 1987 Cremaschi, , 1990a was favoured by the presence of a topographic obstacle (sensu Pye 1995) represented by the Monte Netto hill. In the Po Plain, the thickest loess deposits are always related to topographic obstacles, such as terraces along the margin of the Alps and isolated hills in northern Lombardia (Desio 1965; Baroni and Cremaschi 1986; Cremaschi 1987; Baroni et al. 1988; Terhorst and Ottner 2003; Ferraro 2009; Cremaschi et al. 2014) . Moreover, at Monte Netto, the continuous growth of the anticline that displaced geological strata at the top of the hill (Livio et al. 2009 ) strengthened the role played by the hill as a local sediment trap for aeolian silt, allowing the existence of an obstacle for most of the Upper Pleistocene. Finally, we notice that the thickest loess body on the top of the Monte Netto hill is facing the Po Plain. This is in agreement with Cremaschi (1987 Cremaschi ( , 1990a , who reported that the prevailing wind direction was from the central part of the Po Plain towards the margins of Alps and Apennines (Fig. 1) .
During loess sedimentation, the area around Monte Netto was characterized by a cold and arid climate and a steppe environment. Still, the presence of a rich assemblage of lithics within the upper loess cover (PL2) suggests that the environmental conditions were suitable for the survival of groups of Mousterian hunters, wandering along the Alpine foreland looking for game. The occurrence of these artefacts is not the only evidence of human presence in the PPLB under glacial climate conditions. In fact, many other loess sites surrounding the Po Plain yielded similar finds, including the Fumane and Tagliente caves (Cremaschi 1990b; Cremaschi 2000; Peresani et al. 2008) , the Bagaggera ) and Ghiardo sequences (Cremaschi and Christopher 1984; Cremaschi 1987; Cremaschi et al. 2011 ) and the karst depressions on the Berici plateau (Peresani and Nicosia, in press ). Furthermore, the proximity of the Monte Netto region to the Pre-Alps, where Mousterian people settled in rock shelters, implies the presence of nomadic hunting groups, moving between the Po Plain and the neighbouring Alpine fringe.
Conclusions
The pedostratigraphic investigation of the Monte Netto pedosedimentary sequence allows us to reconstruct the environmental changes in the central Po Plain since the Middle Pleistocene. It represents a landscape shaped by the interaction of seismotectonic (uplift and deformation) and surface-related (aeolian sedimentation and pedogenesis) processes. This area offers a good opportunity to study the effects of soil-forming processes under different environmental conditions, resulting in different stages of pedogenesis, which can be linked to the overall progressive cooling during the last glacial cycle (Schulz 2002; Fleitmann et al. 2009) .
Furthermore, the different degree of loess weathering also represents one of the key peculiarities of the loess from the PPLB (Amit and Zerboni 2013) . In fact, due to the geographical position of northern Italy, the PPLB loess was highly sensitive to climate changes and the interlayered paleosols recorded short-lived climate changes, as shown at Monte Netto.
Loess sedimentation at Monte Netto occurred at least during MIS 3 and 2, and it is possible that some loess also formed after the LGM. A deeper loess unit (PL3) was not dated, but it is inferred that it formed during MIS 4. At the northern fringe of the PPLB, loess formation was dated at Val Sorda, Gajum, Bagaggera and within rock shelters to the period between MIS 4 and 2 (Cremaschi 1987; Castiglioni et al. 1990; Cremaschi 1990a; Accorsi et al. 1990; Peresani et al. 2008; Ferraro 2009; Scardia et al. 2010) , while post-LGM loess accretion occurred only in the valleys of Trentino Lanzinger 1984, 1987; Dalmeri 1992; Borsato 2009 ). Dust deposition in the PPLB hence occurred under glacial conditions after the end of a warm MIS 5, confirmed by other terrestrial records (Pini et al. 2009 (Pini et al. , 2010 . Moreover, the phase of loess accretion corresponds to a huge expansion of the Po Plain after the lowering of the Adriatic sea level (to a low-stand of at least −100 m at the end of the LGM), enhanced aggradation of fine-grained fluvioglacial sediments and an increase in aridity (e.g. Cremaschi 1987 Cremaschi , 2004 Waelbroeck et al. 2002; Lambeck and Purcell 2005; Monegato et al. 2011) .
Finally, Mousterian occupation at Monte Netto was contemporaneous with loess accretion and therefore occurred when the Po Plain was an arid and cold steppe. This is further confirmation that during the Upper Pleistocene, groups of hunters migrated between the pre-Alps and the Po Plain despite harsh environmental conditions.
